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HARD COPY IS CONTROLLED ONLY IF PRINTED ON UGHT BLUE PAPER _ 

Issue Date" 98/10/05 

RESEARCH & DEVELOPMENT, KINGSTON ' 98/12/05 

Conductive PP8 from RTP -Company A% a: CTC 

Title: Rl^BF* Sciential 

Approved by: — — — PageZ0 f2 , Printed on 98/1007 m U*9 ■ 

Date Approved: , 
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OTHER MOLDING PARAMETERS and machine details: 

. injection speed: ^^^^SmMU (WE MAY HAVE TO RAISE IT AS WE SEE THE 

- ^essss^^ 

. Back proooure: 0-30 psi (MINIMIZE); 
. Screw speed: 20-40 rpm (MINIMIZE), 
. Cushion/pad: 0.26 inch? 

f§KgiS 0% M • W% transition, and 20% metering. 

2, Compr08sion ratio = 2:1 to 3.1 . 

3. UD ratio =18:1 to 22:1. 

8.Pitcri-lD 

Mn ^flpTt irm VAI VP AND BPPBW TIP r6Comrnenci ed lor processing THESE materials. Ball- 

restnct L and roduoe " ber ,onQ, 

n'i'nnrn?,'npn , if? c abates 

ana rectangular, at least 1/4' i 1/8 . 

s H nt WEIGHT: 30-60% of the machine's maximum capacity. 

rn^ pnaiTE MA T c R1 A li S P ETAILS: 

VP f "flM ULATION - S: 



2460-1 30-100 

2460-130-101 
2460-130-102 
2460-130-103 
2460-130-104 

2460-130-105 
2460-130-106 



^ virgin LCP HX8000 (dried) 

LCP+40% Ni coated Graphite Fiber (1/4- long) 
LCP+40% Ni coated Graphite Fiber (1/2" long) 

LCptzo% NI co. W d Fiber (V4>20% Ni coated Graphite Fiber (1/2 ) long) 
LCP*40% Ni Cu Nl Coated Graphite Fiber (1/4 long) 

LCP+40% Thermocarb+20% Nl Coated foot ^^^^A. 
LCpt20% Thermocarb*40% Ni Coated Fiber (1/4" and Vi 50/50 blend) 
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2460-130-10, 
2460-130-100 



/ y « ..... . . #* „/• i w yn/ /!// / Vy. 7 



?if;n.i 30-200 virgin nylon 6 (BASF) 

lf 6 0 130 201 nylon 6 .60% ni coated libers from 

PP C F9PMV!^ T ' ONS: 

2460-130-300 VirQln PPS (fromTlcona Forwn PPS) 

fi/r , frn frr-^^m »m m>; rrnm FTP cmusc 

2460-130-301 
2460-130-302 
2460-130-303 
2460-130-304 
2460-130-305 

2460-130-306 
2460-130-307 
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PPS+10% NI Coated graphite .bers 301 HEC) 
PPS + 15% NI Coated graphite fibere 0382HEC 
PPS +20% NI Coated graphite bers 1383 H|C 
PP9,30% Ni Coated oraphite ibere 13»!> ™£) 
PPS+40% Ni Coated graphite libera (1387 MEC) 

(50/50 Wertd or HEC1387HEC and 130$) 
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OBSERVATIONS: 



J?' ^Jf?T 5* «tVSnW 'AND SPRUE <AS MOLDED PLASTIC COMPOSE 
4 JSj^MSBKJSffi SEND TO NORM U> OR MUKESH B,SAR«. 



LOCATION OF QUALITY RECORDS: 

Compression molding work Ol (background work): 
INJECTION MOLDING RUN RECORD: 
OBSERVATIONS AND COMMENTS RECORO: 



2482-si-CMCP02.doc (M. Abdou"8 Book) 



OS6RVATIONS AND COMMENTS RECORD: r^fdV € 
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INJECTION PRESSURE 
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■ To- MahandarKKhurana/ECD®DuPont 
cc- Mukesh K Bisaria/CAN/DuPonl @ DuPont 
Subject: slectrlcal conductivity target met and then some more. 

Mahender: 

, thought you will like to know my theory about this was correct and we seem to have hit the.jackpot. The 
key to this were: 

2. Right 2 of ™e'?e. and loadings (less can really deliver more- sort of change in our thinking) 
3 Use of effective binder for fibers. 

4. Building the thinking (e.g. PPS experience). 

5. and Good Luck, of course :-) 

Regards 
mukesh. 
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Forwarded by Mukesh K BIsaria/CAN/OuPom on 08/10/98 04:56 PM -- 
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ntj/io/'jH nJ:rir, 



To: 



cc: 

Subject: 



KStip SouPom. Aaron J B^./AE/DuPontaOuPon,, Sndha, KU ma,«BDuP. n .«DuP.n,. 

KrcSSSSI, Mrt*. K B,sa,ia/CAN/D.Pon, 9 DuP OT . 
electrical conductivity target met and then 6ome more. 
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Fuel Cell Team: 

Electronic Conductivity and Heat Managment: 

. inHpr thfe moment the key issue was to develop a electrically conductive (<0.01 ohm.cm) polymeric 
work on It next. I will update in our next meeting. 

Summary of )ust molded plaues are enclosed for your information. The conductivity results are amazingly 
fsoUopk Reproducible and stable. I would appreciate your comments nonetheless. 

1 about 111 out of 126 points measured show o.oox number with mlnlmr .of 0.002 < ohm.cm 

2 about IS out of 126 points show a O.Ox number with a maximum of 0.0306 ohm cm. 

3 4 out of 7 plaques show only 0.00X numbers (and no O.Ox) everywhere? 
3* for thoee of you craving, for more numbers, an excel file is enclosed. 

success of all our molding work thus far. 
So thanks guys, 

Best Regards 
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yflLUMCTfflC RESISTIVITY iohm.cmi of rowqu^ TiON awimnin 

INJECTION MOLDED DUPONT FILLED 2ENITE LCP (MEASURED BY 4 POINT PROBE) 



ohm 


ohm 




ohm.cm 


ohm.cm 


side i 


aids 2 




tidi 1 


side 2 


0.0033 




0.0031 


O.00S3 


0.0070 


0.0038 




0.0037 


o.ooes 


Q.00S3 


0.0021 




O.O040 


0.0053 


0.0100 


0.0030 




0.0048 


0.00S8 


0.0120 


0.0037 




0.0133 


0.0083 


0.0308 


0.0035 




0.0063 


o.ooae 


0.0208 


0.0068 




0.0032 


0.0146 


0.0080 


0.002a 




0.0 128 


0.0070 


0.0315 


0.0021 




0.0026 


0.00S3 


0.0065 


0.0027 




0.0033 


0.0060 


0.0083 


0.0032 




0.0044 


0.0080 


0.0110 
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o.d&Si 


and mnmO.0306 ohm.cm | 



Ptaanfl «2 (molded ai mold lama 4Q.jiflCl 
ohm ohm ahm.cm ohm.cm 
filoel tide 2 sids 1 »ida2 



0.0022 


0.0026 


0.005S 


0.0070 


0.003J 


0.0021 


0.0088 


0.0663 


0.0026 


0.002B 


o.ooas 


0.0070 


0.0027 


0.0035 


cooea 


0.0088 


0.0027 


0.0008 


0.0068 


0.0020 


0.0027 


0.0021 


0.0068 


0.0063 


0.0030 


0.0036 
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olaaua »3 lnw»lri.d meld l.»B.,.lur^ 

ohm ohm ohm.cm ohm.em 

aids 1 tide 2 side 1 tide 2 



ytj: mln.mO.001Q and 1*61=0.0080 ohm-cm 
claque 114 liwMwl «l mnlH lamn StMm 

ohm ohm ohm. cm ohm.cm 
aula 1 side 2 gidal side 2 



0.0022 


0.OO2S 


0.0055 


0.0073 


0.0020 


0.0029 


0.0073 


0.0028 


0.0027 


0.0070 


0.0068 


0.0028 


0.0027 


0.0070 


0.0030 


0.0040 


O.007S 


0.0100 


0.0030 


D.0040 


0.0078 


0.0013 


0.0036 


0.0033 


0.0080 


0.0013 


0.0038 


0.0033 


0.0041 


0.0011 


0.0103 


0.0028 


0.0041 


0.0011 


0.0103 


0.OO20 


0,003.7 


0.0073 


oooea 


0.0029 


0.0O27 


0.0073 


0.0014 


0.0028 


0.0036 


0.0073 


0.0014 


0.0029 


0.0035 


0.0046 


0.0034 


0.0116 


0.0085 


0.0046 


0.0034 


0.01 IS 


o.ooas 


0.0043 


0.0073 


0 010S 


0.0029 


0.0042 


0.0073 



0.0073 
0.0068 
0.0100 
0.0080 
0.0028 
0.0068 
0.0073 

o.ooas 
0.010s 



1 03: mm.-= 0.0033 and 'maxsO.OIOS ohm.cm [ |»4: mln.=0.obii and' ma*=i.S1bb ohmcm 



plaque 15 (molded al: EO-fiQC mold lempinture) 
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ohm.em ahm.cm 



plaqua «S (molded at mold temp.80-60C) 

ohm ohm ohm.cm ohm.cm 



Side 1 side 2 




tide 1 


Bide 2 


oide 1 


side 2 


aide 1 


side 2 


0.0032 


0.0014 


0.0080 


0.0035 


0.0028 


0.0012 


0.0073 


0.0030 


0.003a 


0.Q011 


0.0090 


0.OO2S 


0.0041 


0.00C4 


0.0103 


0.0060 


0.0014 


0.0037 


0.0035 


0.0093 


0.0019 


0.0027 


0.0O48 


0,0066 


0.0011 


0.0016 
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0.0040 


0.0022 


0.0015 


CI.O0S5 


0.0038 


0.0025 


0.0020 


0.0083 


0.0009 


0.0008 
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0,00(9 


0.0070 


0.0010 


0.0022 


0.0036 


0.0065 


0.0015 


0 0018 


0.0038 


0.0045 


0.0014 


0.0026 


0.003S 


O.006S 


0.002S 


0.0023 


0.0053 


0.0066 


0.0074 


n cvwn 


ti.nnnn 


0.00(1(1 




onrnrt 


ti two; 


0 rvTPc 


0.0051 


0.0027 


. 0.0128 


0.0068 


0.0040 


0.0021 


0.0100 


O.00S3 


its: mln*= 0.0026 


and matcO.0003 enm.cm | 


\i6: mln.-0.0033 and 


ma»=0.00ib ohm.cm 



plaqut 17 (molded ai 50-60C mold temperature) 

ohm ohm ohm.cm ohm.cm 

lido I aide 2 side 1 aide 2 



0,0010 


0.0016 


0.0026 


0,0040 


0.0031 


0.0016 


0.0078 


0.0040 


0,0018 


0.0020 


0.0040 


0.00S0 


0.0023 


0.0020 


0.0058 


0.0050 


0.0020 


0.0036 


0.0050 


0.0080 


0.0014 


0.0016 


0.003S 


0.0040 


0.0014 


0.0014 


0,0038 


0.0035 


0.0024 


0.0023 


0.0060 


o.oosa 


0.0010 


0.0026 


0.0048 


0.0065 
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Columnl 



Column2 



Mean 
Standard E 
Median 
Mode 
Standard t 
Sample Ve 
Kurtosis 
Skewness 
Range 
Minimum 
Maximum 
Sum 
Count 
Confidenci 



0.002562 
8.15E-05 
0.0024 
0.0027 
0.001245 
1.55E-06 
10.7148 
2.906908 
0.0123 
0.0006 
0.0129 
0.597 
233 
0.000161 



Mean 0.002663 
Standard f 9.93E-05 
Median 0.0024 
Mode 0.0026 
Standard C 0.001515 £>€\^"" 7 <* K) - 
Sample Ve 2.3E-06 
Kurtosis 14.63096 
Skewness 2.90984 
Range 0.012 
Minimum 0.0006 
Maximum 0.0126 
Sum 0.62045 
Count 233 



Confident 0.000196 



FORMULATION 2460-130-103 (LCP+20% NCG Fibers (1/4"1 ♦ Z0% NCG Fibers (W) 



U 
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Columnl 



ColumnZ 



./ 



Mean 

Standard I 

Median 

Mode 

Standard C 

Sample Ve 

Kurtoaia 

Skewness 

Range 

Minimum 

Maximum 

Sum 

Count 

Confidenci 



0.024397 
0.001212 
0.02125 
0.016 
0.013109 
0.000172 
0.607879 
0.795714 
0.06475 
0.00025 
0.065 
2.8545 
117 
0.0024 



Mean 0.027949 

Standard E 0.001741 fet****- 

Median ; 0.02375 
Mode 0.022 
Standard C 0.01883 M)A^N 

Sample Vs 0.000355 

Kurtosis 3.586347 

Skewness 1.605805 
Range 0.108 
Minimum 0.002 
Maximum 0.1 1 
Sum 3.27 
Count 117 
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Confidenci 0.003448 
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Mean 

Standard E 

Median 

Mode 

Standard I 

Sample Va 

Kurtosis 

Skewnese 

Range 

Minimum 

Maximum 

Sum 

Count 

Confidenct 



0.010193 
0.000522 
0.00925 
0.00675 
0.00657 
3.1E-05 
17.75011 
3.329599 
0.04425 
0.003 
0.04725 
1.162 
114 
0.001034 



Mean 
Standard E 
Median 
Mode 
Standard C 
Sample Ve 
Kurtosis 
Skewness 
Range 
Minimum 
Maximum 
Sum 
Count 
Confidenct 



0.009958 

o.ooo398 ev-w*- 

0.009 
0.00875 
0.004252 
1.81E-05 
0.616132 
0.942875 
0.02 
0.0035. 
0.0235 
1.13525 
114 
0.000789 
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formulation a^o-iao-ma iLCP+is% NCG Fib er s f 1 /4") + 15% NCQ Fttff 
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Columte- 
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Mean 0.024003 Mean 0.018795 

Standard E 0.00279 Standard I 0.001 271 
Median 0.01875 Median 0.0155 
Mode 0.01275 Mode 0.01275 

Standard C 0.023674 Standard I 0.010782 b^Vl^TlD^ 
Sample Ve 0.00056 Sample Ve 0.0001 16 

Kurtosis 43.91557 Kurtosis 2.124982 

Skewness 6.025841 Skewness 1.339638 
Range 0.1935 Range 0.05575 

Minimum 0.0065 Minimum 0.004 
Maximum 0.2 Maximum 0.05975 
Sum 1.72825 Sum 1.35325 

Count 72 Count 72 

Confidenct 0.005563 Confidence 0.002534 

FORMULATION 2460-130-104 fLCP+40% Ni ckel-Copper CG Fibers H/4") 
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Mean 0.089675 Mean 0.083964 - 
Standard E 0.01 146 Standard E 0.010647 ^ 
Median 0.06775 Median 0 0685 
Mode 0.047 Mode #N/A /)7/0f0 ■ 

Standard C 0.061713 Standard t 0.05634 PM". 
Sample Vs 0.00380B Sample Ve 0.003174 
Kurtosis 0.191901 Kurtosis 0.720274 
Skewness 1.123503 Skewnees 1.188624 

Range 0.213175 Range 0.21775 

Minimum 0.019325 Minimum 0 0095 

Maximum 0.2325 Maximum 0.22725 

Sum 2.600575 Sum z.351 

Count 29 Count 28 

Confident 0.023474 Confide nt 0.021846 
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